Pulse wave velocity (PWV) is a known parameter that is related to arterial distensibility. However, its potential is hampered by the absence of appropriate techniques to estimate it noninvasively. PWV can be used as an assessment of increased arterial stiffness that is linked to systolic hypertension, excess cardiovascular morbidity and mortality. 1, 2 There is also convincing indication of a strong association between increased arterial stiffness and increased risk of cardiovascular diseases. Higher rigidity of the arteries can be either structural or functional. The former can be due to the processes of vascular ageing and atherosclerosis whereas the latter can be due to elevated blood pressure (BP) or higher sympathetic activity. 3 In view of its significance, the origins of arterial rigidity and its dependence on the subjects' age and arterial BP have been extensively investigated in adults.
A simple and noninvasive technique derived from the principle of PWV is termed pulse transit time (PTT). 4 In clinical practice, PTT is measured as the time delay between the R-wave of the electrocardiogram (ECG) and the onset of the corresponding photoplethysmographic (PPG) pulse on a selected peripheral site, usually a finger or toe. 5 However, PTT cannot provide quantitative information on the PWV directly since the time from the appearance of R-wave to the start of the pressure pulse in the aorta is unknown. Furthermore, the actual vascular path length from the left ventricle to the peripheral site usually requires complex instruments. Changes in PWV along the arterial path due to changes in the arterial diameter and wall thickness are also expected. 6 Hence, studies have suggested that measuring the difference in pulse transit time (PTT-D) between two PPG probes along an artery can estimate PWV indirectly and is suitable for continual monitoring. 5, 6 This measure excludes the time delay from the R-wave to the aortic pulse pressure but depends on the transit time in the subclavian arteries and in the upper limb arteries. As stated, pulses travelling along the central arteries, the peripheral main arteries and small arteries and arterioles, each of which has a different pulse velocity. Hence, absolute PTT-D value may not be effective as a quantitative evaluation of the distensibility of a specific artery. 6 However, studies have demonstrated that PTT-D to be a possible indication of arterial distensibility in adults 6 and recently in children. 5 Based on the Bramwell-Hill formula, 7 PTT parameter is inversely related to PWV and therefore indirectly related to arterial distensibility. However, there is limited knowledge about the effect of physiologic confounders of PWV on PTT-D in children. It is also demonstrated that there is a significant change in PTT when a different posture is adopted and thereby PTT-D can be affected. 5 With the potential uses of PTT-D as a derived PWV surrogate marker in prolonged clinical monitoring, understanding the physiologic parameters that can affect it then becomes essential. Hence, the following objectives were set for the study: (1) assess the contributions of age, peripheral path length differences (PPL-D), heart rate (HR), mean arterial pressure (MAP), systolic (SBP) and diastolic blood pressure (DBP) to PTT-D as well as (2) determine their contributions in different postures.
This was a study that included 22 Caucasian children (18 male and four female) with a mean age of 8.5 years (range 5-12 years). The data used in this study were collected previously and full experimental details are documented elsewhere. 5 The following statistical analyses were performed using Matlab Release 14 (The Mathworks Inc., Natick, USA), Excel XP (Microsoft Corp., Seattle, USA) as well as the PS Power and Sample size program: From this analysis, the slope of the fitted model with its 95% confidence interval (CI), R 2 and P-values were calculated; 3. A power analysis was performed to estimate the probability of correctly rejecting the null hypothesis, that the slope of the regression model is zero, for the given sample size (22 children) and level of significance (Po0.05).
In the present study, PTT measurements were successfully obtained from the 22 recruited children. For each of the measured physiologic parameters, the null hypothesis of the K-S test that the data had a normal CDF was unable to be rejected. Therefore, it was considered reasonable to apply the univariate regression analysis directly to the measured parameters.
Furthermore, in order to understand the absolute PTT differences between the two peripheries at the sitting and supine posture, individual PTT values were recorded and computed. In the sitting posture, mean PTT value attained from the finger and toe were 241.9 ms (range 213 . However, no statistically significant dependence on individual age was derived in this study due to the limited number of subjects in each age group.
The results obtained also indicated that PTT-D attained in the supine posture was significantly (Po0.05) related to age, PPL-D, HR and SBP. However, as shown in Table 1 , there is a low power associated with age parameter (0.093) due to the limited sample size. With the exception of HR, PTT-D increased with all these parameters whereas it can be observed that DBP and MAP were not significantly related to PTT-D, as demonstrated in Table 1 . In the sitting posture PTT-D was only significantly related to PPL-D, the other five physiologic parameters showing no reliable correlation. Therefore, PPL-D was the only parameter related to PTT-D in both the sitting and supine posture.
In the investigation of relations with BP indexes, the findings herein echo other studies that suggest that PWV is only significantly related to SBP and not with DBP and/or MAP. 9 However, the increasing PTT-D trend observed in children is different with the decrease trend from a similar study conducted on adults. 4 In this study, PTT value is computed as the 25% point of the PPG pulse systolic rise. This corresponds to the tissue light transmission near end-diastole when the BP is supposing to be equal to DBP. 10 In view of this, PTT should then be more related on DBP. However, the results here do not show PTT being statistically significant related on DBP in either posture. The low dependence of DBP on PTT-D may be attributed to its low relations on arterial stiffness and/or the difficulty in estimating DBP accurately. It can be seen here that the observed PTT-D is related to SBP in the supine posture, however, because of the limited data, there is only a 71% probability that the null hypothesis has been correctly rejected in this case. This may suggest that higher PTT-D values may originate from the common relation of arterial distensibility; higher PWV and SBP. Higher arterial stiffness increases SBP due to two reasons. Firstly, for a given stroke volume, higher BP increase develops in arteries of lower distensibility. 7 Secondly, the reflected pressure wave from the smaller arteries returns during systole and augments the pressure wave. 1 This may indicate that in children, PWV has an increasing trend with age. 11 Studies of developmental changes in arterial structure during childhood have demonstrated progressive increase in both medial thickness and density of the elastic fibres of media after birth. 12 These observations suggested that arterial distensibility reduced with increases in age for children and consequently, indirectly increases PTT-D. 11, 12 Moreover, there is also a high colinearity between age and the peripheral length in childhood. Owing to the expected growth during childhood, peripheral path length can affect the nominal PTT values and thereby PTT-D. Hence, it may be difficult to identify the exact contributions of structural and functional changes to this parameter. It can also be observed from the present study that HR has a significant contribution to PTT-D and a higher HR corresponds to lower PTT-D. Wilkinson et al. 13 suggested that there is a link between resting heart and arterial distensibility. Whereas another study reported otherwise in that changes in BP are generally followed by a change in HR.
14 Based on these conflicting findings, it is reasonable to conclude that both the parameters can influence each other but they may not be solely dependent on one another. The degree of correlation between HR and BP on their effects on PTT-D does require further investigation. It is acknowledged that there are some limitations to the present study. Firstly, the study population is a relatively small cohort of healthy children aged 5-12 years. The number of children recruited in each age group in this study can be considered small and it is recognised that this study can be conducted with a larger specific sample of children as a continual investigation. Secondly, it can be observed that there is a wide variability in age and/or gender in the recruited children. However, the power analysis and single sample K-S test add validity to the primary results obtained in this study. Thirdly, some of the children can be considered to be approaching puberty based on mere observations of their resting BP parameters. However, the main objective of this study is not formulated PTT-D nomograms based on age and/or gender but to assess possible physiologic parameters that can affect the nominal value of PTT-D in a child.
In conclusion, previous studies have affirmed that PWV has the potential as a surrogate indicator of arterial stiffness in cardiovascular studies but is limited by the lack of suitable techniques to estimate it noninvasively. The parameter of PTT-D has been thus suggested as a possible alternative. However, there is limited knowledge about PTT-D as a measure in children. In this study, the physiologic parameters that can affect PTT-D are being assessed. From the results obtained, it can be observed that only the parameters of PPL-D, HR and SBP are significantly related (Po0.05) to PTT-D in the supine posture, whereas PPL-D is the only parameter significantly related (Po0.05) to PTT-D in the sitting posture. Hence, the findings herein suggest that the PTT-D parameter is most useful in the supine posture when it is intended to be used as a derived PWV equivalent. From the present study, it can also imply that the nominal value of PTT-D parameter of a child depends on only a few physiologic parameters. With its nonintrusive and more accommodating measurement nature, the PTT-D parameter shows promise to be used in prolonged monitoring in paediatrics clinical examinations.
